A new gram-positive bacterium was isolated from activated sludge acclimated with sugar-containing synthetic wastewater. This organism, designated strain Y-104T (T = type strain), was a coccus-shaped, aerobic chemoorganotroph that had a strictly respiratory type of metabolism with oxygen as the terminal electron acceptor. This strain accumulates large amounts of polysaccharide in its cells. Strain Y-104T has the following chemotaxonomic characteristics: it contains menaquinone MK-8(H4), its DNA G+C content is 67.5 mol%, and it contains meso-diaminopimelic acid. No previously described high-G+ C-content gram-positive coccus contains both MK-8(H4) as a major quinone and meso-diaminopimelic acid in its cell wall. A phylogenetic analysis based on 16s rRNA sequences showed that strain Y-104T represents a line of descent distinct from those of previously described species of high-G+C-content gram-positive bacteria and that members of the genus Frankiu are the nearest neighbors. Therefore, we concluded that our isolate should be assigned to a new genus and species, for which we propose the name Microsphueru multipurtita. The type strain is strain Y-104.
Activated sludge is a rich source of aerobic chemoorganotrophic bacteria which belong to various taxonomic and phylogenetic groups, and some of these organisms may not have been described yet. The community structure of activated sludge systems varies remarkably in response to the chemical nature of the wastewater and the operational conditions, and bacteria capable of rapid uptake and accumulation of substrates from the wastewater may predominate under substrate-limiting conditions, particularly when substrate addition is intermittent (for example, in batch treatment processes). The fact that activated sludges contain large amounts of reserve materials, such as glycogen, polyhydroxyalkanoates, and polyphosphate, under certain conditions suggests that there are bacterial species that have the ability to accumulate these reserve materials. Our recent study demonstrated that a new polyphosphateaccumulating gram-positive bacterium (22) , for which we proposed the name Microlunatus phosphovonis (21) , is present in activated sludge showing enhanced phosphate removal.
The bacterial composition and capacity for polysaccharide accumulation of activated sludge treating carbohydrate-containing wastewater have been major subjects of study (27) (28) (29) (30) 34) . Early reports in the literature showed that large coccusshaped gram-positive bacteria constituted significant proportions of the bacterial flora of activated sludge loaded with carbohydrate-rich wastewater (28, 30) , although no detailed taxonomic study of these gram-positive cocci was performed thereafter. Activated sludge cultured under batch operational conditions with intermittent addition of substrate containing glucose showed rapid substrate uptake and accumulated substrate as polysaccharide which was later consumed slowly for the synthesis of DNA, RNA, and protein (20) . Accordingly, to elucidate the mechanism of selection of bacteria in activated sludge processes, we focused on the capacity for substrate uptake and accumulation of bacteria that predominate in activated sludge acclimated with sugar wastewater. During this study, we found that large coccus-shaped bacteria containing * Corresponding author. tetrahydrogenated menaquinones with eight isoprene units [MK-8(H4)] predominated in the sludge, as estimated by microscopic observations and a direct quinone profile analysis of this sludge. Our attempt to isolate large gram-positive cocci that contain MK-8(H4) from the sludge was successful. The isolates which we obtained, which were found to accumulate large amounts of polysaccharides within their cells, were morphologically similar to members of the recently created genera Luteococcus (33) and Microlunatus (21) , but differed from these taxa in basic taxonomic characteristics. In this report we describe the isolation and phenotypic and phylogenetic characterization of one of the new isolates, and we propose that this isolate should be placed in a new genus and species, for which we propose the name Microsphaera multipartita.
MATERIALS AND METHODS
Isolation and cultivation. Activated sludge was cultured aerobically in a fedbatch reactor system (length of cycle, 8 h) with synthetic wastewater containing (per liter) 0.75 g of glucose, 0.03 g of peptone, 0.03 g of yeast extract, 0.1 g of (NH,),SO,, and 0.07 g of KH,PO,. At the end of each batch cycle, the sludge was sedimented, and two-thirds of the supernatant was replaced with the same volume of the synthetic medium. After 90 days of acclimation, bacteria were isolated from the sludge by the dilution plate method with GPY agar, which contained (per liter) 1.0 g of glucose, 0.5 g of peptone, 0.5 g of yeast extract, 0.1 g of KH2P0,, 0.1 g of (NH,),SO,. and 0.1 g of MgSO, -7H20 (pH 7.0). The plates were incubated at 25°C for 20 days. Colonies appearing on the plates were picked for standard purification. In this procedure we paid special attention to the slowly growing colonies which appeared after 10 days of incubation. Isolates were maintained on GPY agar slants and were subcultured every month. For routine phenotypic tests, cells were grown aerobically at 25°C in GPY medium.
Morphological characteristics. Gram staining was performed with a FAVOR. G SET-F kit (Nissui Pharmaceutical Co., Ltd., Tokyo, Japan). Cell morphology was examined by phase-contrast microscopy, scanning electron microscopy, and transmission electron microscopy. For scanning electron microscopy, cultured cells were harvested by centrifugation, washed, and suspended in 20 mM phosphate buffer (pH 7.0). The suspended cells were fixed with 5% glutaraldehyde and postfixed with 1%' osmium tetroxide. The fixed cells were dehydrated through a graded ethanol series, and the ethanol was replaced with isoamyl acetate. After critical point drying, the samples were sputter coated with gold and observed with a model JSM-840AP scanning electron microscope (JEOL, Ltd., Tokyo, Japan). For transmission electron microscopy, centrifuged cells were fixed with 5% glutaraldehyde and postfixed with 1% osmium tetroxide. The fixed cells were stained with 2% uranyl acetate, dehydrated through a graded ethanol series, and embedded in an epoxy resin. Ultrathin sections of samples were prepared with an ultramicrotome and examined with a model H-7000 transmission electron microscope (Hitachi, Ltd., Tokyo, Japan).
Sugar uptake measurement. Cells were harvested from cultures at the stationary phase, washed with distilled water, and then resuspended in distilled water at a concentration of 1.0 g (dry weight) of cells per liter. Either glucose, fructose, mannose, galactose, xylose, maltose, sucrose, lactose, or melibiose was added to the suspended cells as a substrate to a concentration of 1 .O piliter under aerated conditions, which were maintained by using a glass diffuser and an aeration rate of 0.5 volume/volume/min. The pH was kept at 7.0 by using a pH controller. Sugar uptake was evaluated by monitoring the decrease in the sugar concentration in the liquid phase. The sugar concentration was determined colorimetrically by the phenol-sulfate method (6) . Whole-cell polysaccharide content was also estimated by using the phenol-sulfate method after washing with distilled water.
Physiological and biochemical characterization. Oxidase activity was determined by monitoring the oxidation of tetramethyl-p-phenylenediamine on filter paper. Catalase activity was determined with a 3% hydrogen peroxide solution. The media used to evaluate utilization of various substrates for growth were prepared by adding 1.8 g of each substrate to a basal medium (pH 7.0) containing (per liter) 0.1 g of peptone, 0.1 g of yeast extract, 0.1 g of KH,PO,, 0.1 g of (NH,),SO,, and 0.1 g of MgSO, -7H,O. In carbon source utilization tests, the optical density at 660 nm of a culture after cultivation in each medium was compared with the optical density of a culture grown in basal medium.
Quinone, fatty acid, and cell wall analyses. Quinones were extracted from fresh cells with chloroform-methanol (2: 1, vol/vol), purified by column chromatography, and analyzed by reverse-phase high-performance liquid chrornatography (HPLC) (31) . Whole-cell fatty acids were extracted as methyl ester derivatives with anhydrous methanolic HCI and then with n-hexane (13) and were analyzed by using a gas-liquid chromatograph equipped with a flame ionization detector (model HP5890; Hewlett-Packard). A gas-liquid chromatography-mass spectrometry analysis was performed with a model HP5970 mass selective detector directly connected to a gas-liquid chromatograph. The diamino acid in thc cell wall peptidoglycan was determined by hydrolyzing cells with 6 N HCl at 100°C for 18 h and thcn performing thin-layer chromatography (14) . Mycolic acid methyl esters were determined by thin-layer chromatography after cells were hydrolyzed with 10% KOH-methanol and methylated with benzene-methanol-H,SO, (10:20:1, vol/vol/vol) (14) .
DNA base composition. DNA was purified by the method of Tamaoka and Komagata (32) , as modified by Kamagata and Mikami (12) . The guanine-pluscytosine (G+C) content of DNA was determined by performing HPLC with nuclease PI hydrolysates of the DNA (12) by using a Yamasa GC kit (Yamasa Shoyu Co., Chosi, Japan).
16s ribosomal DNA sequencing and phylogenetic analysis. 16s ribosomal DNA fragments that corresponded to positions 8 to 1510 of Escherichia coli 16s rRNA (2) were amplified by PCR from protease-digested cell lysates and were purified by agarose gel electrophoresis with resin binding. PCR-amplified 16s ribosomal DNA was sequenced by the linear PCR sequencing method modified for automated fluorescence detection, and the reaction products were analyzed with a Pharmacia laser fluorescent DNA sequencer. Information concerning the PCR and DNA sequencing procedures used has been published previously (10, I 1). Sequences were compiled from overlapping sequence data, and binary sequence similarity values were calculated with the DNASIS-MAC computer program (Hitachi Soft-ware Engineering, Co., Ltd., Tokyo, Japan). Multiple alignments of the sequences were performed, nucleotide substitution rates (13) were calculated, and a neighbor-joining phylogenetic tree (24) was reconstructed by using the CLUSTAL V program (7). Alignment gaps and unidentified base positions were not taken into consideration for the calculations.
Nucleotide sequence accession numbers. The sequence of strain Y-104T (T = type strain) determined in this study has been deposited in the DDBJ, GSDB, EMBL, and NCBI nucleotide sequence databases under accession number D50066. The accession numbers for the sequences used as reference sequences are as follows: 
RESULTS

Isolation.
Respiratory quinone profiles of activated sludge provide valuable information on the bacterial population structure of the sludge (8, 9) . Thus, we assessed the predominant bacteria in sugar waste activated sludge by performing a quinone profile analysis before isolation. Our direct quinone profile analysis of the sludge revealed that menaquinones ac- counted for more than one-half of the total quinone content of the sludge and that MK-8(H4) was the predominant menaquinone (Fig. 1) . Also, microscopic studies showed that the sludge contained large numbers of well-compacted flocs consisting of large coccus-shaped bacteria. These results suggested that MK-8(H4)-containing coccus-shaped bacteria predominated in the sludge tested.
Indeed, we isolated large numbers of coccus-shaped bacteria by the plate count method when we prolonged the incubation time for recovery to 2 weeks or more. Since the isolates which we obtained were phenotypically very similar, we selected one of these isolates and designated it strain Y-104T for taxonomic studies. Strain Y-104T produced menaquinones, and MK-8 (H4) was the major homolog, as described below; this strain was considered one of the bacteria that predominated in the sludge which we studied.
Morphological characteristics. Strain Y-104= was a grampositive, nonmotile, non-spore-forming, coccus-shaped bacterium. The cells were 0.8 to 3.0 pm in diameter and occurred singly, in pairs, or in small irregular clusters (Fig. 2) . Rodshaped or filamentous cells were not observed at any stage of growth. The cell size depended on the growth stage; large cells (more than 2.0 pm in diameter) predominated at the early stage of the logarithmic growth phase, and the proportion of small cells increased during the late stage of the logarithmic growth phase (Fig. 3) . The type of cell division was characteristic. Thin-section electron microscopy revealed that a cell wall-like structure occurred in the middle of each cell at the early growth phase (Fig. 4) . Many septa were observed in the cells during the late logarithmic growth hase (Fig. 4) .
Cultural characteristics. Strain Y-104 exhibited low growth rates under all of the growth conditions which we used, even optimal growth conditions. The doubling time of this strain was about 11 h in a liquid medium at pH 7.0 and 25°C. Visible colonies appeared on agar media after 10 days of incubation. The colonies were circular, smooth, convex, and white at the early stage of growth. After about 2 weeks of incubation the colonies became cream colored.
Sugar uptake activity. The capacity for sugar uptake was one of the characteristic features of strain Y-104T. This isolate took up all of the sugars supplied except xylose and accumulated large amounts of polysaccharide in its cells in the absence of Physiological and biochemical characteristics. Strain Y-104T was an obligately aerobic chemoorganotroph that had a strictly respiratory type of metabolism with oxygen as the terminal electron acceptor. It could not grow under strictly anaerobic conditions, The temperature range for growth was 10 to 35"C, and the optimum temperature was 25°C. The pH range for growth was 5.0 to 9.0, and maximum growth occurred at pH 7.0. Strain Y-104T was nonhalophilic, but was able to grow in the presence of NaCl concentrations of up to 6%; no growth occurred in the presence of NaCl concentrations of 7% or more. Catalase was produced. Oxidase activity was negative. A wide variety of organic compounds were used as carbon and energy sources for growth. Good carbon sources were sugars and alcohols, including glucose, fructose, mannose, galactose, xylose, sucrose, maltose, lactose, mannitol, sorbitol, ethanol, propanol, glycerol, and starch. Pyruvate, aranine, glutamate, glutamine, and histidine were also utilized. Not utilized were acetate, malate, succinate, arginine, asparagine, methanol, and glycogen.
Chemotaxonomic characteristics and DNA base composition. HPLC experiments showed that strain Y-104* contained a menaquinone with eight tetrahydrogenated isoprene units [MK-8(H4)] as its major quinone component (97.0%). MK-7 (H4), MK-8(H2), and MK-9(H4) were minor components. Gas chromatogra hy of the fatty acid methyl ester derivatives from strain Y-104 revealed that the major components were iso-C16:O (19.7%), iso-CIS:, (15.7%), and C18:, (14.0%). Smaller but substantial amounts of c,,:, (10.3%)~ anteiso-C,,,, (9.2%), kO-Cl7:, (8.5%), and anteiso-C,,,, (5.2%) were also found.
The cell wall peptidoglycan contained rneso-diaminopimelic acid. Mycolic acids were not present.
The genomic DNA G + C content of strain Y-104T was 67.5 mol%, indicating that this strain belongs to the high-G+C-content group of gram-positive bacteria.
-! Phylogenetic analysis. The 16s rRNA gene from the crude lysate of strain Y-104T was amplified successfully by PCR and was sequenced directly by the linear PCR sequencing method, followed by automated fluorescence detection. The fragment whose sequence we determined was a continuous stretch of 1,290 residues (positions 28 to 1317), which accounted for 86% of the entire 16s rRNA gene. The sequence determined in this study was compared with a data set consisting of 20 reference sequences for gram-positive species, and levels of binary sequence similarity and evolutionary distances were calculated (Table 1 ). Figure 6 shows a neighbor-joining phylogenetic tree that was reconstructed on the basis of the evolutionary distances calculated by using the 1,114 positions that could be aligned. The new isolate formed a lineage that was distinct from all members of the gram-positive genera compared; Frankia sp. was the closest phylogenetic neighbor.
DISCUSSION
As reported above, we successfully isolated and characterized polysaccharide-accumulating, coccus-shaped bacteria that were the predominant bacteria in activated sludge cultured under conditions in which glucose was added intermittently. Although these bacteria could not grow fast in synthetic media, they showed rapid substrate uptake and accumulation capacities in the absence of nitrogen and phosphate sources. The ability to take up and accumulate substrate may play an important role in the competition among various bacteria to take up limiting substrates in activated sludge processes. Because of morphological, physiological, and ecological similarities, these isolates may be identical to or taxonomically related to the gram-positive cocci described previously as the predominant bacteria in sugar waste activated sludge (28, 29) . One of the new isolates, strain Y-104T, is a gram-positive, non-spore-forming, nonmotile, coccus-shaped, strictly aerobic chemoorganotroph. This bacterium is also characterized chemotaxonomically by containing MK-8(H4) as its major quinone, iso-Cl,,O, iso-C1s:o, and C,,:, as its major fatty acid components, and rneso-diaminopimelic acid in its cell wall and by lacking mycolic acids. The G + C content of the DNA of strain Y-104T is 67.5 mol%, indicating that this bacterium belongs to the high-G + C-content group of gram-positive bacteria.
In view of its cell morphology and ultrastructure, as well as its chemotaxonomic characteristics, strain Y-104T occupies a peculiar taxonomic position among the gram-positive cocci that belong to the high-G+C-content group. This isolate seems to be morphologically most similar to species belonging to the genera Luteococcus and Microlunatus but differs from these bacteria by having many septa in its cells at the stationary growth stage and by containing MK-8(H4) as its major quinone and rneso-diaminopimelic acid in its cell wall. There are also marked chemotaxonomic differences between the new isolate and other previously described members of the high-G+C-content gram-positive coccus group, including members of the genera Kineococcus ( 3 9 , Micrococcus (25), Pelczan'a (23), and Stomatococcus (1) ( Table 2) . Two gram-positive genera which contain MK-8(H4) and meso-diaminopimelic acid have been described previously: the genera Nocardia (16) and Dermatophilus (26) . However, these genera are differentiated from our isolate by their hypha cell morphology. Members of the genus Rhodococcus often have a coccoid stage and contain mesodiaminopimelic acid (5). However, our isolate can be differentiated from Rhodococcus strains by its lack of mycolic acids.
Our phylogenetic analysis based on 16s rRNA gene sequence information demonstrated that strain Y-104T represents a line of descent which is distinct from the previously described genera of gram-positive bacteria and that the genus Frankia is the nearest phylogenetic neighbor. Since members of the genus Frankia (18) are hypha shaped and have partially hydrogenated menaquinones with nine isoprene units as their major quinones, it is easy to differentiate our isolate from these bacteria. However, it is interesting that the "conidium" (or "vasicle") formed by members of the genus Frankia is similar to the cells of our strain morphologically. The levels of binary sequence similarity between strain Y-104T and Frankia sp. or related species having high DNA G + C contents are less than 93%, and this value seems to be low enough to justify classification of the new isolate in a new genus.
Although only one isolate, strain Y -104T, was characterized in this study, the ecological importance of this bacterium in sugar waste activated sludge, together with our phenotypic, chemotaxonomic, and phylogenetic data, warrant creation of a new genus and species for this isolate. Thus, we propose the name Microsphaera multipartita gen. nov., sp nov. for strain Y-104T. Descriptions of the new genus and species are given below.
Description of Microsphaera gen. nov. Microsphaera (Mi.cro. sphae'ra. Gr. adj. micros, small; M. L. fem. n. sphaera, sphere; M. L. fem. n. Microsphaera, small coccoid microorganism). Cells are spherical (diameter, 0.8 to 3.0 pm) and occur singly or in some cases in clusters. A cell wall structure occurs in the middle of each cell at the early logarithmic growth phase, and a number of septa are present at the late logarithmic phase. Nonmotile. Spores are not formed. Gram positive. Aerobic chemoorganotroph, having a strictly respiratory type of metabolism with oxygen as the terminal electron acceptor. The growth rate is low. Visible colonies appear on agar media after 10 days of incubation. Catalase positive. Oxidase negative. The cell wall peptidoglycan contains meso-diaminopimelic acid. The major quinone is MK-S(H,). The major fatty acids are iso-C,,,,, iso-C,,:,, and C,8:1. The G + C content of the DNA is 67.5 mol%. The phylogenetic position is in the high-G+C-content group of gram-positive bacteria; the genus Frankia is the closest relative.
The type species is Microsphaera multipartita. 
Description of
